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Overall	objectives	
Available	multimedia	content	is	rapidly	increasing	in	scale	and	diversity,	yet	today,	multimedia	data	
remain	mostly	unconnected,	 i.e.,	with	no	explicit	 links	between	related	fragments.	LIMAH	aimed	at	
exploring	 hypergraph	 structures	 for	 multimedia	 collections,	 instantiating	 actual	 links	 between	
fragments	of	multimedia	documents,	where	links	reflect	particular	content-based	proximity—similar	
content,	thematic	proximity,	opinion	expressed,	answer	to	a	question,	etc.	Exploiting	and	developing	
further	 techniques	targeting	segmentation	and	pairwise	comparison	of	multimedia	content,	LIMAH	
was	 designed	 to	 address	 two	 key	 issues	 of	 content-based	 graph-oriented	 multimedia	 collection	
structuring:	How	 to	automatically	build	 from	a	collection	of	documents	a	hypergraph,	 i.e.,	 a	graph	
combining	 edges	of	 different	natures,	which	provides	 exploitable	 links	 in	 selected	use	 cases?	How	
collections	with	explicit	links	modify	usage	of	multimedia	data	in	all	aspects,	from	a	technology	point	
of	view	as	well	as	from	a	user	point	of	view?		

Two	 application	 domains	 provide	 particularly	 interesting	 playgrounds	 for	 hyperlinked	media	 data,	
namely	education	with	online	courses	or	tutorials,	and	news	with	large	heterogeneous	collections	of	
articles,	social	posts,	podcasts,	etc.	

LIMAH	developed	methodology	and	technology	 for	 the	automatic	or	semi-automatic	structuring	of	
multimedia	 collections.	 Two	 crucial	 aspects	 were	 considered:	 on	 the	 one	 hand,	 segmentation	 is	
instrumental	 in	 finding	 the	granularity	at	which	 links	 should	be	 created;	on	 the	other	hand,	actual	
linking	is	needed	at	scale	and	in	view	of	its	impact	on	practices.	

Segmentation	was	mainly	 studied	 on	 educational	 videos,	 focusing	 on	 how	 the	 visualization	 of	 the	
video	 segments	 and	 structure	 affects	 learners	 in	 memorization	 and	 seeking	 tasks.	 This	 research	
question,	which	had	seldom	been	considered	before,	also	offers	significant	insight	on	the	granularity	
at	which	 links	should	be	created	 in	this	 type	of	material,	 for	which	understanding	the	relationships	
between	 several	 videos	 remains	 of	 limited	 interest.	 In	 the	 news	 domain,	 standard	 topic	
segmentation	algorithms	were	used.	On	the	contrary,	linking	was	mostly	studied	in	the	news	domain	
where	 the	 amount	 of	 data	 plainly	 justifies	 automatic	 link	 creation.	 We	 explored	 hypergraph	
construction	techniques	 in	close	relation	with	acceptability	and	usage.	The	key	 idea	was	to	provide	
structured	collections,	with	various	 types	of	 links	along	with	 their	 characterization,	and	study	 their	
impact	from	multiple	angles:	relevance	of	the	links,	added-value	on	final	tasks,	exploitability	by	users,	
as	well	as	sociological	and	legal	implications.		

	Main	achievements	
The	 LIMAH	 project	 has	 contributed	 a	 number	 of	 fundamental	 results	 in	 multimedia	 content	
processing	and	linking,	impact	of	segmentation	of	educational	material	on	learning,	and	exploration	
of	multimedia	news	archives	from	the	technical,	legal	and	sociological	standpoints.	We	briefly	recap	
hereunder	the	main	findings.	

Segmentation	and	learning	

Video	 content	 analysis	 makes	 it	 possible	 to	 display	 the	 structure	 of	 the	 video	 based	 on	 topic	
segments	and	table	of	contents,	also	known	as	scaffolding.	One	goal	pursued	in	LIMAH	was	to	assess	
whether	 or	 not	 those	 scaffolding	 tools	 can	 improve	 information	 seeking	 or	 learning.	 Five	 studies	



	

were	conducted	with	students	to	evaluate	different	facets	of	the	effect	of	structuring	(i.e.,	table	of	
contents)	 and	 segmentation	 (i.e.,	 markers	 on	 the	 timeline)	 on	 performance	 in	 a	 video-based	
environment:		

• Three	 studies	 investigated	 the	 effects	 video	 scaffolding	 on	 information	 seeking.	 Results	
showed	a	significant	positive	effect,	consistent	across	the	studies,	on	response	time	and	task	
completion,	 however	 only	 when	 the	 segmentation	 and	 the	 structuring	 are	 both	 present	
[4,9].	 The	 presentation	 format	 of	 these	 two	 levels	 of	 scaffolding	 was	 also	 tested.	 The	
perceived	 difficulty	 of	 the	 task	 seems	 to	 decrease	when	 segmentation	 and	 structuring	 are	
presented	in	a	pop-up	format	on	the	timeline.		

• Two	studies	targeted	a	learning	task	where	memorization	was	tested.	The	first	one	confirms	
the	presumed	absence	of	a	guaranteed	beneficial	effect	of	segmentation	and	structuring	on	
learning	 performance.	 The	 second	 one	 highlights	 that	 performing	 an	 information	 seeking	
task	before	the	learning	task	was	necessary	for	scaffolding	to	be	beneficial	on	learning,	the	
information	 seeking	 task	 allowing	 the	 learner	 to	 engage	 in	 an	 active	 process.	 The	 joint	
presentation	of	a	table	of	contents	and	markers	on	the	timeline	has	positive	effect	on	recall.	

Globally,	 all	 these	 results	 point	 at	 the	 fact	 that	 segmentation	 and	 structuring	 together	 act	 like	 a	
conceptual	model	of	the	video	to	organize	incoming	information.	During	an	information-seeking	task,	
they	 provide	 an	 external	 representation	 of	 the	 video,	 which	 helps	 information	 retrieval.	 During	 a	
learning	task,	they	guide	the	organization	of	the	information	into	a	coherent	mental	model	and	help	
the	recall	in	memory	[5].		

Upcoming	work	will	focus	on	the	impact	(and	acceptance)	of	automatic	segmentation	techniques.	

Multimedia	content	processing	and	linking	

Multimodal	 hyperlinking.	 Pursuing	 previous	 work	 in	 text-based	 video	 hyperlinking	 at	 IRISA,	 we	
proposed	 several	 approaches	 to	 account	 for	 multiple	 modalities	 at	 link	 creation	 time.	 Taking	
advantage	 of	 recent	 advances	 in	 semantic	 indexing	 of	 images,	 we	 extended	 the	 LDA	 topic	model	
experimented	 in	 [13]	 to	 multiple	 modalities,	 where	
objects/concepts	present	in	the	keyframes	of	a	video	define	
a	 second	 stream	 of	words	 [8].	 In	 the	 scope	 of	 LIMAH,	we	
also	experimented	with	the	state-of-the-art	neural	network	
based	multimodal	embedding	technique	that	we	developed	
in	 a	 companion	 thesis	 [10].	 The	 various	 multimodal	
hyperlinking	 techniques	 investigated	 in	 LIMAH	 were	
systematically	 evaluated	 in	 the	 framework	 of	 an	
international	 benchmark	 on	 video	 hyperlinking,	 part	 of	
TRECVid	 from	 2015	 to	 2017	 [17,18,19].	 In	 particular,	 we	
obtained	top	results	in	the	2016	competition.	In	addition	to	
link	relevance,	as	considered	in	the	video	hyperlinking	competition,	user	studies	performed	in	LIMAH	
demonstrated	 that	multimodal	methods,	based	on	either	 LDA	or	neural	network	embedding,	offer	
significant	 advantages	 regarding	 the	 diversity	 of	 links	 automatically	 proposed	 for	 a	 given	 anchor	
segment	[8].	

Navigable	multimedia	graphs.	The	many	tools	that	exist	for	 information	extraction	do	not	offer	an	
easy	way	to	gain	insight	from	a	news	collection	by	browsing,	going	from	article	to	article	and	viewing	
unaltered	 original	 content.	 Such	 browsing	 tools	 require	 the	 creation	 of	 rich	 underlying	 structures	
such	as	graph	representations	with	articles	as	nodes,	which	can	further	be	enhanced	by	typing	links	
to	 inform	 users	 on	 the	 nature	 of	 the	 relation	 between	 two	 articles.	 We	 empirically	 observed	 in	
previous	 work	 that	 typical	 k	 and	 ε	 nearest	 neighbor	 graphs	 are	 not	 well	 suited	 for	 navigation.	 In	
LIMAH,	 we	 defined	 explicit	 navigability	 criteria	 for	 the	 exploration	 of	 a	 news	 graph	 and	
experimentally	 highlighted	 the	 limits	 of	 k	 and	 ε	 nearest	 neighbor	 graphs,	whose	 limitation	 comes	
from	the	need	to	define	a	common	threshold	(k	or	ε)	for	the	whole	collection	[7].	Inspired	by	work	



	

on	 community	 detection	 in	 social	 networks,	 we	 developed	 an	 adaptive	 nearest	 neighbor	 graph	
construction	algorithm	where	the	neighborhood	of	an	article	is	of	adaptive	size,	depending	on	local	
properties,	 offering	 significantly	 better	 properties	 in	 term	 of	 navigation	 (relevance	 of	 neighbors,	
limited	 number	 of	 neighbors,	 number	 of	 connected	 components,	 etc.)	 [6].	 To	 facilitate	 the	
comprehension	 by	 users	 of	 the	 links	 automatically	 created	 and	 the	 resulting	 organization	 of	 the	
collection,	we	proposed	a	typology	of	the	links	as	well	as	heuristics	for	their	automatic	categorization	
[15,7].	 All	 of	 these	 features	 are	 at	 the	 core	 of	 the	 LIMAH	 news	 navigation	 interface	 that	 we	
developed	and	tested.	

Opinion	 mining.	 Regarding	 the	 problem	 of	 characterizing	 and	 synthesizing	 opinions	 expressed	 in	
social	 media,	 we	 addressed	 the	 problem	 of	 robustness.	 We	 showed	 inconsistencies	 in	 common	
opinion	 mining	 approaches	 based	 on	 predefined	 opinion	 lexicons	 [11].	 More	 precisely,	 we	 have	
shown	 that	 techniques	 devoted	 to	 lexical	 similarity,	 like	word	 embedding,	 do	 not	 perform	well	 to	
retrieve	 words	 with	 similar	 sentiment	 properties	 in	 general	 unless	 significant	 refinements	 are	
undertaken.	 We	 also	 built	 a	 reference	 system	 for	 French,	 independent	 of	 the	 domain,	 to	 detect	
opinion	aspects,	achieving	state-of-the-art	results	established	for	English	[14].	We	finally	developed	
several	 systems	 for	 opinion	 characterization	 based	 on	 machine	 learning,	 including	 fine-grained	
categorization,	 aspect	 identification,	 and	 sarcasm	 detection	 on	 tweets.	 Several	 techniques	 were	
compared	(kNN,	CRF,	boosted	decision	trees,	deep	learning)	within	the	national	DeFT	benchmark	in	
2015	 [20],	 2017	 [16],	 and	 2018,	 where	 we	 always	 ranked	 in	 the	 top	 five	 participants.	 An	
implementation	 of	 a	 deep-learning	 system,	 OpinEx,	 which	 gathers	 the	 various	 opinion-mining	
systems	presented	to	the	French	DeFT	challenges,	will	soon	be	made	available	as	a	web-service.	

Exploration	of	multimedia	news	archives	

The	 LIMAH	 news	 exploration	 interface.	
Based	 on	 the	 technology	 available	 or	
developed	 within	 LIMAH,	 a	 pre-study	
relying	 on	 extensive	 interviews	 with	
media	 professionals,	 mockup	 interfaces	
and	human-centered	design	methodology	
enabled	 to	 analyze	 the	 perceived	
usefulness	 of	 a	 number	 of	 functionalities	
and	 to	 select	 those	 to	 be	 integrated	
within	 the	 LIMAH	 interface	 [12,26].	 The	
starting	 point	 of	 this	 interface	 is	 a	 full-
fledged	 search	 bar	 using	 keywords.	
Selecting	 an	 entry	 point	 in	 the	 search	 result	 brings	 the	 user	 to	 the	 content	 visualization	 and	
navigation	 part	 of	 the	 interface,	 composed	 of	 5	 parts.	 The	 user	 can	 initially	 see	 the	 entry	 point	
document	itself	and	the	links	that	departs	from	it.	In	addition	to	the	original	content,	metadata	and	
keywords	are	displayed.	Links	appear	in	one	of	two	ways.	The	graph	view	quickly	shows	how	related	
documents	appear	on	a	navigable	 section,	 facilitating	 the	comprehension	of	 the	development	of	a	
story.	 For	 convenience,	 on	 the	 right	 side,	 links	 are	 also	 provided	 as	 a	 list	 of	 recommendations	
organized	by	link	types.		

The	 interest	 of	 graph-based	 collection	 structuring	with	possibly	 typed	 links	was	 assessed	 in	 a	 user	
study	 comparing	 3	 versions	 of	 the	 interface:	 Version	 1	 was	 limited	 to	 a	 search	 engine;	 Version	 2	
provided	 the	graph	 structure	with	only	 temporal	order	 (no	 link	 typing);	Version	3	had	all	 features.	
Each	version	was	tested	by	a	group	of	users	who	were	asked	to	produce	an	exhaustive	synthesis	on	a	
particular	topic.	Results	show	that	on	average,	versions	2	and	3	allowed	users	to	retrieve	more	pieces	
of	information	than	version	1.	Version	3	moreover	allowed	retrieving	rare	pieces	of	information,	also	
requiring	users	to	skim	less	documents	than	with	version	2.	This	indicates	that	improved	explorability	
thanks	to	typed	links	primarily	helps	users	better	select	which	articles	to	read	[7,24].	During	the	open	
discussion	following	the	tests,	users	from	version	3	were	mostly	positive	about	their	experience	with	



	

the	 tool,	 calling	 it	 “useful“,	 with	 a	 “good	 accessibility”,	 and	 an	 “interesting	 take	 on	
recommendation”.	

Study	 of	 practices	 with	 an	 exploration	 tool.	 Complementing	 user	 tests	 on	 effectiveness	 of	
hypergraph-based	 exploration,	 we	 performed	 a	 study	 of	 practices	 fostered	 with	 such	 interfaces,	
working	on	the	process	of	research-production,	i.e.,	jointly	searching	for	information	and	producing	
an	 output.	 The	 study	 involved	 9	 professionals	 from	 different	 fields	 of	 activity	 (journalists,	 PhD	
student,	 librarian,	 community	 manager,	 etc.)	 who	 were	 monitored	 using	 the	 news	 exploration	
interface	over	multiple	sessions	spread	in	time,	during	which	they	were	asked	to	write	a	synthesis	on	
a	topic	 (summary,	working	notes,	diagram,	etc.).	Monitoring	 involved	 logging	 in	screen	activity	and	
audiovisual	recording	of	the	sessions.	First,	our	analysis	of	practices	confirms	the	constant	back	and	
forth	between	exploration	and	precise	querying,	the	hypergraph	being	mostly	used	for	exploration.	
We	 also	 observed	 that	 users	 need	 less	 time	 to	
accomplish	 their	 research-production	 with	 the	
LIMAH	interface	than	with	their	usual	tools.	But,	we	
found	 it	 difficult	 to	 differentiate	 effects	 of	 the	
database	size	 (limited	amount	of	 information	w.r.t.	
the	 web)	 from	 those	 of	 the	 hypergraph	
representation.	 Lastly,	 the	 majority	 of	 the	
professionals	 showed	 interest	 in	 the	 hypergraph	
organization	of	 a	 collection	 for	 their	 daily	practice,	
provided	 that	 they	 could	 organize	 their	 own	
database.	 Unsupervised	 and	 dynamic	 ingestion	 of	
new	content	however	remains	a	perspective	of	the	
project.		

Characterization	of	the	legal	status	of	hyperlinks.	The	EU	law	on	hyperlinking	consists	today	of	a	set	
of	pre-existing	or	developing	legal	rules.	The	legal	literature	has	already	had	the	opportunity	to	work	
occasionally	 on	 the	 different	 legal	 regimes	 addressing	 hyperlinking,	 especially	 in	 the	 field	 of	
copyright,	without,	however,	systematizing	it	as	a	whole	at	the	EU	Level.		

In	 LIMAH,	 we	 made	 an	 attempt	 at	 identifying	 the	 overall	 coherence	 of	 those	 regimes.	 From	 a	
conceptual	and	synthetic	point	of	view,	we	evidence	 the	distinction	 that	allows	 to	understand	and	
justify	the	freedom	to	link	and	its	limits	under	the	current	EU	Internet	law.		

When	law	sees	the	link	as	a	pure	instrument	that	facilitates	the	process	of	communication,	it	can	be	
freely	established.	From,	an	analytical	point	of	view,	this	explains	why	the	legal	status	of	hyperlinking	
under	EU	intellectual	property	law	tends	to	be	in	accordance	with	the	freedom	to	create	links.	It	also	
justifies	 that	 intermediaries	 involved	 in	the	creation	of	 links,	as	search	engine,	content	aggregators	
and	social	media,	can	benefit	from	the	limited	liability	for	third	party	content.		

On	the	contrary,	when	links	become	autonomous	from	the	linked	content,	it	logically	implies	that	EU	
law	 tends	 to	 consider	 that	 the	 hyperlink	 in	 itself	 can	 be	 regulated.	 In	 this	 case,	 hyperlinking	 is	 no	
longer	seen	only	as	a	reference	that	provides	access	to	certain	content	but	also,	and	especially	when	
aggregated,	 as	a	direct	 representation	of	 the	 information	 that	exists	on	 Internet.	 This	explains	 the	
specific	limit	of	the	freedom	to	link	because	of	EU	copyright	law,	the	limited	protection	of	hyperlink	
through	copyright,	as	well	as	the	emerging	regulation	of	hyperlink	in	itself	regarding	the	diffusion	of	
information.	 The	 right	 to	 be	 de-listed	 or	 the	 recent	 debates	 on	 “fake	 news”	 are	 examples	 of	 this	
regulation.	Nevertheless,	the	EU	approach	remains	largely	unstable	and	unachieved,	and	LIMAH	is	an	
attempt	at	improving	its	coherence.	

Summary	and	perspectives	
We	 have	 globally	 achieved	 our	 goals	 of	 structuring	 collections	 with	 links	 to	 facilitate	 their	
exploration,	 looking	 at	 all	 aspects	 (technological,	 legal	 and	 sociological)	 of	 the	 question	 in	 a	



	

pluridisciplinary	 manner	 and	 resulting	 in	 several	 joint	 publications.	 In	 addition	 to	 the	 scientific	
findings	 and	 knowledge	 gained,	 LIMAH	has	 been	 the	occasion	 to	 confront	 fundamental	work	with	
real-life	settings	and	to	develop	a	close	relationship	with	the	media	world	(strong	collaboration	with	
Ouest-France	and	AFP,	with	IEP	Rennes).		

All	of	these	offer	several	opportunities,	among	which:	

• The	iCODA	projecta,	led	by	IRISA	and	involving	media	groups	(AFP,	Le	Monde,	Ouest	France),	
extends	 the	 work	 of	 LIMAH	 in	 the	 news	 media	 domain,	 considering	 multimedia	 content	
analysis,	 knowledge	 engineering	 and	 heterogeneous	 data	 access	 to	 develop	 interfaces	 for	
the	seamless	exploration	of	content,	data	and	knowledge	in	data	journalism		

• The	 LIMAH	navigation	 interface	 is	 about	 to	 be	 adapted	 to	 the	 needs	 of	DGA,	 in	 particular	
regarding	 open-source	 intelligence	 gathering	 in	 the	 defense	 business,	 with	 a	 pilot	 study	
funded	by	DGA	to	be	implemented	late	2018	/	early	2019	

• Work	 on	 legal	 aspects	 by	 IMT	 Atlantique	 led	 to	 their	 participation	 in	 a	 follow-up	 project	
proposal	on	editorial	strategies	based	on	data-rich	augmented	forms,	where	economic	and	
legal	aspects	have	a	key	role	
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